Introduction
Currently, overweight and obesity are becoming an emergent public health problem, even in the young population 1, 2 . Obesity has been considered one of the main risk factors for the early development of several comorbidities, such as type II diabetes, high blood pressure, certain types of cancer and other health problems [3] [4] [5] . In Brazil 6 , as in other developed countries 7 , approximately 30% of youngsters are classified as overweight or obese.
Consequently, as in the USA and other countries with similar prevalence rates of overweight and obesity, cardiovascular risk factors have become a new health problem among the youth population. In this context, several studies have reported high prevalence rates of type 2 diabetes, hypertension, insulin resistance and dyslipidemias along with an increasing prevalence of metabolic syndrome [8] [9] [10] [11] . Evidence from American National Survey has revealed that approximately 10% of the youth population exhibits clustering of cardiometabolic abnormalities 12 . Thus, some common adult diseases are already being diagnosed in children and adolescents. These diseases are typically stable from childhood until adulthood and are associated with an elevated risk of cardiovascular events later in adult life 13, 14 . In addition, it is essential to understand the relationships between various parameters used to evaluate overweight/obesity and cardiovascular risk factors and how each parameter can indicate the early development of cardiovascular risk factors in youth 15 , particularly Brazilian youth 16 . Therefore, our study was based on the necessity of determining a simple parameter for indicating obesity among schoolchildren and adolescents and the consequences of such a parameter. In addition to better measurement techniques, several reports have described the use of body mass index (BMI), waist circumference (WC) and percentage of fat (PF) based on skinfolds for adiposity measurements 15, 17, 18 . However, if any of these parameters showed a strong correlation with the metabolic profile, it could be used to identify early development of cardiovascular disease (CVD) among the young 15 . Thus, the purpose of this study was to verify the association between different parameters of overweight/ obesity and cardiometabolic risk factors and to estimate the early incidence of cardiometabolic risk factors among the youth population.
Materials and methods
This research is a part of the Schoolchildren's Health Project, which is aimed at studying the prevalence and incidence rates of youth overweight and obesity and their causes and consequences. The population consisted of schoolchildren and adolescents from Santa Cruz do Sul in southern Brazil. The study of this longitudinal cohort was started in 2004, and data from this study comprised the third phase. Thus, the sample included 1254 children and adolescents, both boys and girls, aged 7-17 years, who were randomly selected from 18 schools (14 in the urban area, and 4 in the rural area) around the city. This project was approved by the Ethics Committee on Research on Human Beings of the University of Santa Cruz do Sul, and was performed in accordance with the Declaration of Helsinki. Schools approved the study protocol, and all parents signed an informed consent form. The students were apparently healthy and free of medical treatment.
BMI was used to assess overweight/obesity, and the students were later classified as normal or overweight/obese according to international cut off points 19 . Weight and height were measured without shoes immediately after the student awoke in the morning before breakfast. WC was measured (using a metric tape [cm] ) with the individual standing in an upright position, with the hands hanging down close to the body. The WC was measured at the narrower part of the trunk, between the ribs and the outer edge of the upper iliac bone and the hip at the greater trochanter level. The students were defined as overweight if their values were > 80 th percentile and obese if their values were > 90th percentile 20 . PF was evaluated using the triceps and subscapular skinfold thicknesses, as measured using a Lange compass. Subsequently, the equation described by Slaugther et al. 21 was used, and the PF was classified according to Lohman 22 ; at-risk children and adolescents were classified as moderately high (overweight), high and very high risk (obese).
Blood pressure was measured according to the VI Brazilian Guidelines on Hypertension 23 using a sphygmomanometer and stethoscope; measurement were taken on the student's right arm with the student in a sitting position after 10 min of rest. One of three size cuffs was used based on the student's arm circumference. Two measurements were performed prior to breakfast. If there was a large difference between these two measure-ments, a third measurement was performed. An average of the measurements was used.
Cardiorespiratory fitness was evaluated with a nine-minute walk/run test on students wearing proper clothing and sneakers in the same athletic track. The results obtained (in meters traveled) were assessed using Tables recommended by  PROESP-BR   24 , according to age and gender, and subsequently classified into fit (healthy levels of cardiorespiratory fitness) and unfit (low levels of cardiorespiratory fitness).
Cardiometabolic risk profile
Biochemical parameters (glucose, total cholesterol, high-density lipoprotein cholesterol [HDL-C] and triglycerides) were assessed using serum samples, which were analyzed using Miura One automated equipment (I.S.E., Rome, Italy) and a commercial DiaSys kit (DiaSys Diagnostic Systems, Germany). Low-density lipoprotein cholesterol (LDL-C) was calculated according the Friedewald equation 25 . For sample characterization, lipid profile was classified according to National Heart, Lung, and Blood Institute
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. Similar to what has been proposed by Andersen et al. 27 and recently used by Mota et al. 28 , the cardiometabolic variables were computed as a continuous risk score based on the following: glucose; total cholesterol (TC); triglycerides (TG); HDL-C; LDL-C and systolic blood pressure (SBP). For each of these variables, a Z-score was computed to indicate higher CVD risk. The HDL-C Z-score was multiplied by -1 to indicate higher CVD risk with increasing value. Then, a Metabolic Risk Score (MRS) was determined by summing the Z-scores of all of the individual risk factors adjusted by age. A lower MRS is indicative of a better overall CVD risk factor profile. To calculate the odds ratio, metabolic risk was dichotomized at the cut-off value plus 1 SD, thus identifying children with cluster risk. High metabolic risk was considered when the individual had a score that was greater than or equal to 1 SD of this score.
Statistical analysis
Data analyses were performed using SPSS 20.0 for Windows (IBM, Chicago, USA). The frequencies of youth overweight/obese based on BMI, WC and PF analyses were determined. The kappa coefficient was used to verify the concordance analyses between BMI, WC and PF. A three-model Poisson analysis was used to verify the association between BMI, WC and PF mass based on the metabolic risk profile as a dependent variable. The results are shown as 95% confidence intervals (CIs) and prevalence ratio (PR) values considering a significance level of 5%.
Results
The sample characteristics are summarized in Table 1 . Our sample consisted of boys (55.5% from urban areas and 44.5% from rural areas) and girls (60.8% from urban areas and 39.2% from rural areas) aged between 7 to 17 years (boys: 11.73 ± 3.04 and girls: 12.00 ± 3.01). Differences between boys and girls in terms of mean cardiorespiratory fitness, WC, PF, TC, TG, LDL-C and SBP were observed (p < 0.05 Considering the three parameters used to indicate overweight and obesity, as shown in Figure 1 , our results showed a similar prevalence of youth with overweight/obesity. However, concordance analyses revealed a higher association between BMI and WC (kappa = 0.657; p = 0.02) than between PF and BMI (kappa = 0.490; p = 0.02) or WC (kappa = 0.362; p = 0.02).
In Figure 2 , the data indicated that approximately 45% of obese youth were classified based on their metabolic risk profiles. Nevertheless, if considering the PF, only 28% of youth in the metabolic risk profile group were classified. Table 2 illustrates three different models of Poisson regression, including BMI, WC and PF, categorized as normal and overweight/obese. In all models, gender, residential zone (rural and urban areas) and cardiorespiratory fitness were classified at low and high levels for health. Boys compared with girls (PR: 1.48; CI: 1.15-1.91) and rural compared with urban areas (PR: 1.60; CI: 1.25-2.04) showed increased PRs for cardiometabolic profile risk. These results were observed in models 1, 2 and 3. However, cardiorespiratory fitness was not statistically significant.
In addition, youth categorized as overweight/ obese based on BMI (PR: 2.88; CI: 2.25-3.68), WC (PR: 2.26; CI: 2.26-3.70) and PF (PR: 2.18; CI: 1.65-2.86) showed similar prevalence ratios to the cardiometabolic profile risk.
Conversely, in 
Discussion
The results of our study have provided relevant considerations about the early development of cardiometabolic risk factors among a representative sample of youth. Firstly, there is evidence that a significant number of youth develop overweight and obesity early. If overweight and obesity are analyzed together, their occurrence ranges from 19.1% based on WC to 47.9% based on PF as determined from two skinfold measurements. As a consequence, this early risk might be associated with an elevated number of youth with metabolic risk profiles: approximately 45% of youth in the obese category. Finally, our study showed that for Brazilian children, BMI is possibly the main predictive parameter associated with cardiometabolic risk, and obese compared with overweight youth showed a higher risk of developing metabolic profiles early. Further, more boys than girls and children who live in rural areas exhibited increased PRs for developing cardiometabolic risk profiles. Therefore, our data seems to be consistent with other studies that showed approximately 30% of children and adolescents were classified as overweight and obese 1, 6, 29 . The results are more alarming when based on the data on PF, which indicated that approximately 47.9% of youth are . In fact, based on the kappa concordance test, PF showed a lower kappa coefficient compared with BMI and WC. In our data, PF indicated a larger number of youth in the obese group, approximately three times more than that with BMI and WC, but a weaker relationship with BMI and WC.
Several studies around the world have indicated prevalence rates similar to those detected in our BMI and WC data: recently, a trends study that included youth from different states in Brazil showed that since 2003, the prevalence rates of overweight and obesity in youth have been stable, with approximately 30% of youth being classified as overweight and obese 6 . Ogden et al.
1 performed a trends study and reported similar results, indicating a high prevalence of overweight and obesity among the American youth population; however, a study by Flores et al. 6 showed that the prevalence has stabilized.
As a consequence, cardiometabolic risk factors are prevalent among the youth 3, 5, 15, 31 . In our data, approximately 45% of the youth exhibited metabolic risk profiles. These results have led to several concerns described by public health researchers, such as the necessity for understanding the main factors that are associated with this new public health threat. Nevertheless, if obesity is the main risk factor, what is the best way to measure overweight and obesity among the youth when we consider the relationship of various parameters with the cardiometabolic profile?
Therefore, different predictors could be associated with the development of cardiometabolic risk factors 15, 18 . Nevertheless, consequences of lifestyle are evidenced as a main risk factor associated with this high occurrence of cardiovascular risk factors among the youth population 31, 32 ; thus, high levels of physical activity and healthy eating habits seem to be a good approach for preventing and treating these youth disorders 33 . From a public health perspective, our data indicated a higher association between BMI and cardiometabolic risk profile among the youth, with a moderate to strong correlation with WC. These results could be considered in public health policies aimed at preventing the early development of CVD risk factors. These results are consistent with several published studies on European and American youth 15, 18 . Jago et al. 15 showed that routine monitoring of BMI should be performed by health professionals; however, additional information on disease risk may be provided by assessing WC. These results are consistent with our data, as the relationship between WC and the cardiometabolic risk profile was also strong. Lawlor et al. 18 produced similar results; however, as a conclusion, they suggest that the measurement of WC or direct assessments of fat mass during childhood do not seem to be associated with cardiovascular risk factors in adolescence any more than BMI. Nevertheless, we did not find similar studies with similar results in Brazilian youth.
In contrast with several studies 31, 34 , our results did not show a significant association between cardiorespiratory fitness and cardiometabolic risk factors, possibly because BMI could be a moderate variable in the relationship between cardiorespiratory fitness and cardiometabolic risk profile or because we did not treat overweight and obesity separately from normal youth. Furthermore, our data indicated a higher risk of developing cardiometabolic risk profiles early for boys and youth who live in rural areas. These results indicated that youth lead industrialized lives in rural areas. In Santa Cruz do Sul, rural areas show a higher prevalence of low income, and large numbers of parents do not complete more than the first few years of school. Therefore, low income levels could be considered a risk factor for obesity among Brazilian youth. These results are in contrast with results reported several years ago, which showed that low income levels were associated with being underweight.
Despite several limitations of the current study, we were able to verify a relationship between cardiovascular profile risk with three different indicators of overweight and obesity in a representative sample of children and adolescents. There are a considerable number of obese youth, and many of them display cardiometabolic risk profiles. Furthermore, overweight and obese youth exhibited different risks for developing cardiometabolic risk factors; the BMI measurement seems to be the best way of identifying youth with metabolic risk profiles.
In conclusion, our study showed that high BMIs (youth categorized as obese), rural area and male gender are the main predictors of cardiometabolic risk profiles. In addition, our data indicate a high prevalence of overweight and obese youth; this group has a higher risk of developing a cardiometabolic risk profile early in life. Therefore, our results suggest that BMI measurement could be a valuable method of identifying youth with cardiometabolic risk based on epidemiologic studies and could be an important approach for health professionals aimed at preventing the early development of cardiometabolic risk factors.
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